din are potentially promising as new therapy for candida infection. In this paper we describe the isolation and characterization of aculeacin A resistant mutants of Candida albicans.
Materials and Methods
Culture and Culture Condition The virulent Candida albicans strain B-311 used in this study was obtained from Smith Kline & French culture collection. Cells suspended in 10 % glycerol were preserved at -170°C in a liquid nitrogen refrigerator. Stock cultures were grown on Sabouraud-dextrose agar for 48 hours and stored for up to three weeks at 4°C.
Isolation of Aculeacin Resistant Mutants
Cells from a 48-hour slant culture were suspended in 10 ml of saline-Tween 80 and exposed in a Petri dish to ultraviolet light (distance 30 cm) for 60 seconds. The treated population was then incubated in the dark for 2 hours and one ml aliquots transferred into Sabouraud-dextrose broth containing various concentrations of aculeacin A. The cultures were incubated at 30°C for 5 days on a rotary shaker. Cells from culture medium containing 50 jig/ml of aculeacin were streaked on Sabouraud agar. Colonies were isolated after 4-5 days and transferred to media containing 50 jig/ml of aculeacin A. The subcultures of the presumptive resistant mutants were incubated for 7 days and then preserved. Resistance to aculeacin was confirmed after preservation.
Growth Studies
Erlenmeyer flasks (500 ml) containing 100 ml Trypticase Soy Broth were inoculated with one ml of 24 hours culture and incubated at 30°C on a rotary shaker (250 rpm). Cell density was determined by measuring the turbidity at 600 nm with a spectrophotometer.
Determination of Minimum Inhibitory Concentration
The minimum inhibitory concentrations (MIC) were determined by a two-fold broth dilution method using a microtiter apparatus. The microtiter wells contained 0.1 ml of Sabouraud-dextrose broth. Each well was inoculated with approximately 105 cells/ml and incubated at 30°C. The MIC was defined as the lowest concentration of antibiotic which inhibited visible growth after 48 hours.
Lipid Analysis Total lipids were extracted from cells with chloroform -methanol (2: 1) and separated using silica gel thin-layer chromatography°'.
Results

Isolation of Aculeacin-resistant aclR Mutants
Growth of Candida albicans strain B-311 was inhibited by incorporation of 0.5 jig/ml of aculeacin A in agar medium. Seven aculeacin-resistant mutants designated aclR I -7 of the B-311 strain were isolated after UV treatment from media containing 50 p,g/ml aculeacin. The spontaneous frequency of aculeacin resistant mutants was approximately 2 x 10-7. Minimum inhibitory concentrations of aculeacin for the parent and the mutant strains are shown in Table 1 . Two distinct colony-morphology types, smooth and rough, were observed when the mutants were grown on media containing 100 jig/ml of aculeacin A (Fig. 1 ). In the presence of subinhibitory levels of aculeacin A, the C. albicans strain B-311 grew as a smooth colony type. Under these conditions, distorted cells containing enlarged vacuoles were prevalent with this strain (Fig. 2 B) . Without the addition of aculeacin, no distorted cells were observed. In contrast, act" mutants 1 and 6 formed distorted cells in the presence and absence of aculeacin ( Fig. 2 C and D) .
The mean generation time for the parent and the mutant strain was identical, 2-2.5 hours in Trypticase Soy Broth.
Antimicrobial Susceptibility
The MIC values of several antifungal agent for C. albicans strain B-311, mutants act" 1, 2 and 6 are shown in Table 2 . Except for the two glucan ml, the susceptibility to other antifungal agents was identical to the parental strain. These data are shown in Table 3 . The total lipid content of the aclR-1 mutant was higher, roughly twofold, and the fatty acid content was increased three-fold. Sterol content were also significantly increased T14E JOURNAL OF ANTIBIOTICS JUNE 1982 in this mutant. The aclR-1 mutant contained lysophosphatidyl serine, lysophosphatidic acid which were not detected in the parental strain (Table 4) . The relationship between cell membrane composition and resistance was further supported by the observation that a fatty acid auxotroph of C. albicans showed resistance to aculeacin and papulocandin (unpublished report). 
